This article presents a detailed theoretical and computational analysis of alumina and titania-water nanofluid flow from a horizontal stretching sheet. At the boundary of the sheet (wall), velocity slip, thermal slip and Stefan blowing effects are considered. The Pak-Cho viscosity and thermal conductivity model is employed together with the non-homogeneous Buongiorno nanofluid model. The equations for mass, momentum, energy and nanoparticle species
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INTRODUCTION
Heat and mass transfer from a stretching sheet features in a wide area of applications including crystal growth process, paper drying, aerodynamic extrusion of plastic sheets, glass fiber stretching, enrobing, packaging, hot rolling processes, thermal coating flows. Crane [1] initiated theoretical investigations of the boundary layer flow induced by a linearly stretching sheet for the case of a Newtonian viscous fluid. Subsequent investigations have extended this original formulation to consider a multiplicity of effects motivated by achieving a more realistic representation of industrial stretching (polymeric) flows. These include stretching sheet flows for viscoelastic fluids with slip and heat transfer effects [2] , new families of Newtonian solutions with wall transpiration [3] , multi-mode heat transfer with electrically-conducting and buoyancy effects [4] , uniform-shear free stream effects [5] , magnetic rheological behavior [6] , combined free and forced convection for exponential stretching rates [7] .
In recent years nanofluids have emerged as a significant area of development in thermal engineering systems. Comprising either metallic or non-metallic nanoscale particles suspended in a conventional working fluid (air, water etc.), nanofluids achieve significant enhancement in thermal conductivities and other properties. Choi and Eastman [2] identified that may possibly contribute to the heat transfer enhancement, only thermophoresis and Brownian motion are considered to be substantial. In the past decade a tremendous degree of research activity has been mobilized in nanofluid simulations using these two approaches, for numerous geometries and with multiple body forces, and the reader is referred to [11] - [16] . Yang et al. [17] have modified the Buongiorno model to investigate the impact of nanoparticle volume fraction distribution on the conservation equations of mass, momentum and energy which are formulated for the specific case of forced convection flow of nanofluid in a concentric annuals.
Malvandi et al. [18] have also employed a modified Buongiorno model to investigate the mixed convection nanofluid flow through an annular pipe with buoyancy and hydrodynamic slip effects.
Recently, Rana et al. [19] have applied the modified Buongiorno model to study the influence of In many process, it has been observed that there exist mass transfer of species at the surface which can generate a blowing effect. The concept of the blowing effect originates in the Stefan problem [21] . This blowing effect can arise at an impermeable surface and is therefore fundamentally different to the wall transpiration effect associated with injection at permeable surfaces. The Stefan blowing effect provides a relation between the velocity field and the species (concentration) field which states that flow field is directly proportional to the rate of concentration of species. Fang and Jing [22] have considered the Stefan blowing effect on a viscous fluid flow induced by a stretching sheet and observed an improvement in velocity and concentration profiles due to this effect. Uddin et al. [23] analyzed the blowing effect on bioconvection nanofluid flow over a sheet with slip conditions at the wall. They observed a significant modification in velocity, temperature and nanoparticles concentration with blowing parameter. Further, Latiff et al. [24] have extended this work to unsteady forced convection nanofluid flow containing microorganism over a rotating stretchable disk. Recently, Rana et al. [25] have examined the blowing effect on an electromagnetic time dependent flow of nanofluid induced by a stretching sheet with first order chemical reaction effect.
A flow system can lose its working efficiency due to the presence of thermodynamic irreversibility which can be generated via heat transfer, viscous dissipation and diffusion of species. Entropy generation analysis is a modern tool based on the second law of thermodynamics which provides information about the quantification of this irreversibility. Bejan [26] originated the method of entropy minimization in thermal systems. A diverse spectrum of studies have subsequently been communicated on entropy generation analysis of boundary layer flows external to various different geometries including stretching sheets, cylinders, wedges, spheres etc. [27] - [31] . Moreover, Bhatti et al. [30] , [32] have examined the study of entropy generation on nanofluid flow induced via a permeable stretching surface.
The major objective of the current article is to determine semi-numerical solutions for 23
Al O -water nanofluid slip flow from a stretching sheet with Stefan blowing effect using a modified Buongiorno model. The homotopy analysis method [32] - [34] which demonstrates exceptional accuracy for nonlinear coupled ordinary and partial differential equation boundary value problem systems is applied to solve the dimensionless system of flow, energy and concentration equations.
Comprehensive evaluation is included for the influence of dominant physical parameters on velocity, temperature, concentration, skin friction coefficient, Nusselt number and entropy generation number. The study is relevant to thermodynamic optimization of nanomaterial fabrication systems.
MATHEMATICAL MODEL

Incompressible steady-state boundary layer flow of 23
Al O -water nanofluid is considered along a stretching sheet under the influence of Stefan blowing, velocity slip and thermal slip at the boundary. The x axis − is located along the sheet whereas the y axis − is considered normal to the sheet. It is assumed that sheet is stretched with velocity
The concentration of nanoparticles is controlled by no flux condition at the boundary. Table-1 represents the thermo-physical properties of 23 Al O particles and water. A schematic diagram of problem is shown in Fig.1 . Under these assumptions, four conservation equations can be written following [18] as: The density and heat capacity of nanofluid are defined as:
Mass Conservation Equation
( ) ( ) 0, nf nf uv xy   +=  (1) Momentum Conservation Equation ( ) 1 , nf nf u u u uv x y y y        +=       (2)
Energy Conservation Equation
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Nanoparticles Mass Conservation Equation
. T B D C C C T u v D x y y y T y        + = +        (4)
Boundary Conditions[36]
( 1 ) ,
Here the suffix nf stands for nanofluid whereas f represents the base fluid. The symbol  represents the concentration of nanoparticles. Pak and Cho [37] have measured the viscosity and thermal conductivity of nanofluid at room temperature deriving the following relations: 
Normalization of governing equations
To normalize the transport equations, we introduce following dimensionless variables: 
The 
Lie group analysis of normalized equations
To convert the partial differential equations (13)-(16) into ordinary differential equations, we deploy the following scaling group of transformations: 
y y x y y x y 
The corresponding boundary conditions are: at 0, y = 
To maintain non-variance of the above system of differential equations under the group of transformations, we obtain following relations: 3  1  2  3  2  3  2  5  3  2  5   2  2  3  3  3 
Next, we employ Taylor series to expand the above terms up to order  , leading to:
which provides the following transformations 
Now apply non-dimensional parameters (32) on eqs. (1)-(5), then we obtain:
( )
The boundary conditions emerge as:
Here prime / designates differentiation with respect to  and the leading parameters can be defined as:
Pr , 
Where Pr is Prandtl number, Sc is Schmidt number, D is diffusivity ratio,  is first order hydrodynamic slip parameter and  is thermal slip (jump) parameter.
The Significant Engineering Quantities of Interest
Of relevance to materials processing operation design are the gradients of variables at the wall (sheet surface). These are defined for the momentum, temperature and nanoparticle concentration fields below: 
Skin Friction Coefficient
Second Law Thermodynamic Analysis (Entropy Generation Minimization)
The second law of thermodynamics provides a mechanism for computing the entropy generation in the system. For the present problem, the volumetric rate of entropy generation is defined as
S is the entropy generation due to temperature difference, 2 S is the entropy generation due to viscous dissipation and the combination of the last two terms 34 & SS represents the entropy generation due to diffusion of species. Here R represents the gas constant (J mol -1 K -1 ).
The characteristic entropy generation is given by:
( ) where , Ns may be defined. Bejan number [26] , [28] represents the relative entropy generation number of temperature difference which is the ratio of t Ns to Ns. In a similar fashion it is possible to determine the other relative entropy generation numbers.
Semi-Numerical Solution of BVP with Homotopy Analytical Technique
To solve the eqns. 
We construct the following m th order deformation equations
at 0, 
RESULTS AND DISCUSSION
To provide an insight into the momentum, thermal, nano-particle species and entropy generation characteristics for the current regime i.e. 23 Al O -water nanofluid flow induced by stretching sheet, Fig. 3 (a) represents the velocity profile for different values of velocity slip parameter  which indicates that velocity is depleted slightly with increasing  . A similar result is obtained from Fig. 3(b) which demonstrates a reduction in temperature with increasing thermal slip parameter.
Therefore greater wall hydrodynamic slip increases momentum boundary layer thickness whereas increasing thermal slip reduces thermal boundary layer thickness. Fig. 3(c) reveals the impact of diffusion parameter D on the distribution of nano-particle concentration. Clearly there is a significant decrease in concentrations with a rise in the value of diffusion parameter again manifesting in a decrease in species boundary layer thickness. Fig.4 shows the influence of different metallic nanoparticles on velocity and temperature distributions. Both velocity and temperature are greater for 23
Al O -water nanofluid as compared with 2 TiO -water nanofluid. Better flow acceleration is therefore achieved with the former as compared to the latter. Furthermore 23 Al O -water nanofluid achieves greater thermal enhancement or heating efficiency as compare to 2 TiO -water nanofluid since thermal conductivity of alumina particles exceeds that of titania particles.
The combined effects of nanoparticle concentration C  and diffusion parameter D on skin friction coefficient and Nusselt number are depicted in Fig.5 . Surface (skin) friction is markedly reduced with an increment in either C  or D i.e. flow deceleration is induced. Thus a modification in the value of nanoparticles concentration effectively increases momentum boundary layer thickness since momentum diffusion is impeded. Fig. 5(b) illustrates that Nusselt number is an increasing function of C  whereas it is a decreasing function of D. The implication is that a greater nanoparticle concentration enhances heat transfer rate to the wall and therefore depletes thermal energy from the boundary layer resulting in a decrease in thermal boundary layer thickness.
The influence of several physical parameters on entropy generation number is presented in Fig. 6 .
A high value of local Reynolds number can increase the randomness in the system. Thus, entropy increases with an increase in the value of Reynolds number (greater inertial force relative to viscous hydrodynamic force) as depicted in Fig. 6(a) . The influence of thermal slip parameter  on Ns is depicted in Fig. 6 (b) which indicates that entropy generation number is suppressed with an increase the value of  . Fig. 6(c) shows that Ns increases with nanoparticle concentration C  . Hence, a large amount of nanoparticles can enhance the entropy generation in the system. . 6(c) ), Eckert number Ec and Reynolds number Re(again in agreement with Fig.6(a) ) whereas it decreases with diffusion parameter D.
CONCLUSIONS
An analytical study of 23 Al O -water nanofluid flow induced by a stretching sheethas been presented. The modified two-component Buongiorno model has been deployed. At the surface of the sheet, both velocity slip and thermal slip conditions are imposed. Entropy generation analysis has also been conducted to provide a thermodynamic optimization aspect to the work. The homotopy analysis method has been implemented to solve the dimensionless, transformed system of ordinary differential boundary layer conservation equations which have been derived with the aid of Lie algebraic group methods. The influence of physical parameters velocity (hydrodynamic) slip, thermal slip, nano-particle concentration and species diffusivity (  ,  , C  , D) on velocity, temperature, skin friction coefficient, Nusselt number and entropy generation number has been computed and illustrated graphically. The computations have been validated with a shooting numerical quadrature method available in MATLAB. The important deductions from the present investigation can be summarized as follows:
• Velocity of the nanofluid is observed to be a decreasing function of velocity slip parameter.
• The temperature of nanofluid increases with doping of high thermal conductivity nanoparticles.
• Temperature and entropy generation number are decreased as the value of thermal slip parameter is increased.
• The diffusion parameter reduces the skin friction, Nusselt number and concentration of nanoparticles.
• Entropy generation number and Nusselt number are increased with nanoparticle concentration C  whereas skin friction at the surface of the sheet is decreased.
• Greater local Reynolds number results in an elevation in entropy generation in the system.
• Based on a relative entropy generation analysis, entropy generation is observed to be enhanced with nanoparticle concentration and Eckert number whereas it is depleted with diffusion parameter. 
